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Abstract
Background: The treatment of depressive phases of bipolar disorder is challenging. The effects of the commonly
used antidepressants in bipolar depression are questionable. Electroconvulsive therapy is generally considered to
be the most effective treatment even if there are no randomized controlled trials of electroconvulsive therapy in
bipolar depression. The safety of electroconvulsive therapy is well documented, but there are some controversies
as to the cognitive side effects. The aim of this study is to compare the effects and side effects of
electroconvulsive therapy to pharmacological treatment in treatment resistant bipolar depression. Cognitive
changes and quality of life during the treatment will be assessed.
Methods/Design: A prospective, randomised controlled, multi-centre six- week acute treatment trial with seven
clinical assessments. Follow up visit at 26 weeks or until remission (max 52 weeks). A neuropsychological test
battery designed to be sensitive to changes in cognitive function will be used. Setting: Nine study centres across
Norway, all acute psychiatric departments. Sample: n = 132 patients, aged 18 and over, who fulfil criteria for
treatment resistant depression in bipolar disorder, Montgomery Åsberg Depression Rating Scale Score of at least 25
at baseline. Intervention: Intervention group: 3 sessions per week for up to 6 weeks, total up to 18 sessions. Control
group: algorithm-based pharmacological treatment as usual.
Discussion: This study is the first randomized controlled trial that aims to investigate whether electroconvulsive
therapy is better than pharmacological treatment as usual in treatment resistant bipolar depression. Possible long
lasting cognitive side effects will be evaluated. The study is investigator initiated, without support from industry.
Trial registration: NCT00664976
Background
Bipolar disorder (BD) is a psychiatric disorder with a
prevalence of 1.7 to 3.7 percent in the adult population
[1], characterized by periods of severe affective symp-
toms with normal periods in between. BD often has an
unfavourable outcome [2]. There are two subtypes,
Bipolar I and Bipolar II, and depression is arguably a
more important facet of both types [3,4]. Depressive epi-
sodes are more numerous, last longer, and most suicides
occur during these periods [5].
In contrast to the manic phases the treatment options
for the depressive phases are poor. Antidepressants have
small if any effect in bipolar depression [6], lithium is
not very effective [7], there are a few antipsychotics with
effect [8,9], but there are some indications for effect of
mood stabilizers [10]. The mainstay of current specialist
treatment in Norway is a combination of a mood stabili-
zer, antipsychotic and/or an SSRI or an SNRI. In the last
few years the use of the anticonvulsant lamotrigine has
become common. Such a combination is in agreement
with the recommendations in the treatment guidelines
[11]. Electroconvulsive therapy (ECT) was for decades a
controversial treatment, but the patients’ acceptance of
this treatment has increased, leading to an increase in
its use [12]. However, ECT resources are limited, and
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treatment option. In Norway, the ECT service is fairly
good at all regional hospitals. For the most severely ill
and treatment resistant BD patients, ECT is considered
to be the most effective treatment [11,13]. However, this
recommendation is based on clinical experience, as no
RCT of ECT in this disorder has been performed. Thus,
neither effect size nor comparative efficacy is known
[11,14]. This basic lack of knowledge was the motivation
for initiating the present study.
No systematic attempts have been made to define
what constitutes refractoriness in bipolar depression,
and several definitions are used in the literature. In uni-
polar depression, treatment resistance is present when
two or more antidepressive psychopharmacological
treatment options have been adequately tried [15]. In
the present study with patients suffering from BD, we
have used a pragmatic approach and defined refractory
bipolar depression as depression that failed to respond
to two trials (during lifetime) with antidepressiva and/or
mood stabilizer with proven efficacy in bipolar depres-
sion (lithium, lamotrigine, quetiapine, olanzapine) in
adequate doses for at least 6 weeks or until cessation of
treatment due to side effects.
There is little empirical evidence for drug treatment of
treatment resistant bipolar depression. Reflecting this,
the American Psychiatric Association Treatment Guide-
lines for BD have a low confidence for their recommen-
dations in this area [11]. The combination of an atypical
antipsychotic with documented antidepressant effect and
an antidepressant receives the highest grade of recom-
mendation as does ECT.
Patients with BD have specific cognitive impairments
affecting a variety of cognitive domains, not only in
depressive phases [16-18]. There is little knowledge how
cognitive dysfunction changes with treatment of depres-
sion. We will use well validated instruments to assess
the most important and clinically relevant cognitive
domains at baseline and changes during the treatments.
ECT is associated with cognitive side effects [13], but
there are few studies comparing cognitive impairment in
drug- and ECT-treated patients. The severity, type and
duration of the cognitive dysfunction seems to depen-
dent on methods used in ECT administration [19-21].
Given optimal methodology recent studies have found
improved global cognitive function as assessed by Modi-
fied Mini-Mental State Examination (mMMS) [22] and
verbal learning 6 months after completion of an ECT
treatment compared to baseline [21]. In the same study,
autobiographical memory was impaired at six months
after the completion of ECT treatment if ECT was
administered by bitemporal electrode placement. Further
studies are needed to evaluate possible lasting cognitive
side effects of ECT. No studies have evaluated cognitive
impairment in patients with bipolar depression treated
with pharmacological treatments compared to ECT in a
randomised setting.
Health-related quality of life measures have become
increasingly important as a type of patient-reported out-
come documenting the subjective psychosocial burden
associated with chronic illness.
In patients with major depression ECT is widely
acknowledged as an effective and appropriate acute
treatment. Still questions remain regarding whether
ECT is associated with a net improvement in function
and quality of life. In recent guidelines from United
Kingdom [23] ECT use was restricted until more infor-
mation becomes available about its effects on memory
and quality of life.
A growing body of evidence suggests that inflamma-
tion may be linked to depression [24-26]. There are
indications that cytokines may cause depressive episodes
[27]. Few studies have investigated the immune system
in BD. One study found that BD is associated with
increased production of the pro-inflammatory cytokines,
both in the manic and depressed phase (IL-8 and TNF-
a) compared to healthy subjects [28].
Two recent reviews [29,30] concluded that inflamma-
tion appears relevant to BD across several important
domains and proposed that TNF-alpha modulation is a
target for disease-modifying treatment of BD. Further
research is warranted to investigate the reciprocal asso-
ciations between inflammation and symptoms, comor-
bidities, and treatments in BD.
The aim of the current study is to document the effect
size, relative effect size and adverse effects of ECT com-
pared to treatment as usual in treatment resistant bipo-
lar depression. We want to assess the cognitive function
in bipolar depression, and how ECT and treatment as
usual affect cognitive functioning. Furthermore possible
inflammation processes involved in bipolar depression
will be investigated. The design enables us to assess
changes in a wider spectrum of cytokines as a function
of treatment modality and changes in clinical status.
Methods
Study design
This trial is a randomised controlled multi-centre study
aimed to study efficacy and cognitive side effects of ECT
for the treatment of treatment resistant depression in
BD, compared to combined pharmacological treatment,
including the MAOIs tranylcypromine and phenelzine.
A flow chart of the study design is shown in Fig. 1.
Relevant patients with depression are addressed in
order to establish whether they are willing to be
screened for the study. The patients must be assigned a
patient number and sign the consent form after receiv-
ing oral and written information about the study prior
to undergoing any study procedures.
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Each treatment trial lasts 6 weeks. The medication
that would be used if a patient should be randomized to
drug treatment will be determined at enrolment, before
randomisation. If a patient receives ECT and reaches
remission earlier than six weeks, the ECT treatment is
terminated and the patient is switched to maintenance
therapy. If a patient or the treating clinician decides that
the patient could receive better treatment outside of the
study, the patient may leave the study at all times, as
specified in the informed consent. In case of remission
after the six weeks trial the patient continues with main-
tenance drug treatment at the clinicians decision, guided
by relevant algorithm as for example in Goodwin &
Jamison 2007 [31]. In case of non- remission the clini-
cian might consider the other treatment condition. This
will not be part of the present study.
Subjects
Trial sample and recruiting centres
132 patients fulfilling the criteria below will be included
into this study by nine centres in Norway.
All the patients will first be included in the “Bipolar
Research And Innovation Network, Norway” (BRAIN)
study, a multicenter study describing bipolar disorder
patients in Norway. This study is approved by The
Regional Committee for Medical and Health Research
Ethics, Middle - Norway. The patients will give written
informed consent both to the BRAIN study and the
ECT-study.
Inclusion and exclusion criteria
The inclusion criteria were designed to ensure that the
included patients are typical for patients referred to
ECT in Norway in order to have results that are clini-
cally significant, while the exclusion criteria are designed
to ensure the patients’ safety. Inclusion and exclusion
criteria are shown in table 1 and 2.
Withdrawal criteria
The patient will be withdrawn from the study if the
clinician finds that the patient is in need of, or better
served with other treatment, or if Exclusion criteria are
met. The patient will also be withdrawn from the study
if the clinical condition gets significantly worse
Figure 1 Flow Chart of Study Design.
Kessler et al. BMC Psychiatry 2010, 10:16
http://www.biomedcentral.com/1471-244X/10/16
Page 3 of 14
according to the clinicians’ judgement or if patients
withdraw their consent. The date and the reason for dis-
continuation are noted. All patients prematurely discon-
tinuing the trial must be seen for a final evaluation.
Inclusion, randomization and masking of study groups
All patients suffering from a major depressive episode
admitted to one of the nine study centres are evaluated
for inclusion. During the screening the local participat-
ing psychiatrist will determine whether the patient fulfils
the inclusion criteria and none of the exclusion criteria.
Patients will be randomly assigned to the two groups.
The randomization is stratified separately in each study
centre. The patient and treating psychiatrist are
unmasked about treatment modality. The assessments
of depressive symptoms before and after ECT will be
audio-taped. The audio-tapes will be co-rated by trained
study personnel who are not involved in the treatment
of the study patients. The analyses will be preformed on
audio taped scores. There might be some patients who
do not accept audio taping, in these cases investigator-
rating will be used. Neuropsychological assessment is
performed by trained test assistants who are blinded
about treatment modality.
Description of treatment
Method of assigning patients to treatment groups/
Randomization
Patients’ eligibility will be established before randomiza-
tion to one of the treatment options. Relevant patients
with BD are addressed in order to establish whether
they are willing to be screened for the study. The
patients must be assigned a patient number and sign the
consent form after receiving oral and written
Table 1 Inclusion criteria
Diagnosis of DSM-IV-TR [52] of Bipolar I or Bipolar II disorder as verified by the semi-structured diagnostic interviews SCID [37] or MINI plus [36]. The
diagnosis may be supported by information from significant others, and from hospital records. Angst’s hypomania checklist [53] is used to increase
the detection of hypomanic symptoms. SCID or MINI plus will be used to diagnose the patient.
ECT is indicated.
Severity: meet DSM-IV-TR criteria of depressive episode, MADRS [40] of 25 or above
Treatment resistance: None response to two trials (during lifetime) with mood stabilizers with proven efficacy in bipolar depression (lithium,
lamotrigine, quetiapine, olanzapine) and/or antidepressants.
A trial is defined as at least 6 weeks in adequate or tolerated dose as reported by the patient, or patients that have been unable to comply with 6
weeks trials of mood stabilizer or an antidepressant.
None response: Less than 50% reduction in MADRS values or still meet DSM -IV-TR criteria of depressive episode
Inpatients the first week after start of treatment condition
The patients are to be treated by the psychiatrist at the hospital for the whole duration of the study (6 weeks)
Age ≥ 18
Patient competent to give informed consent according to the judgement of the clinician
Written informed consent
Patient sufficiently fluent in Norwegian language to ensure valid responses to psychometric testing (for patients enrolled to neuropsychological
assessment: Norwegian as primary language or 12 years attendance of a Norwegian school)
Table 2 Exclusion Criteria
Earlier ECT none response
ECT within the last six months
Rapid cycling BD (e.g.4 or more episodes per year)
Use of medication or substances (such as pethidine, alcohol, drugs) incompatible with treatment (medication or ECT). Such medication must be
stopped a least 5 half-lives before start of treatment.
Current use of all other psychotropic medication during the study period with the exception of the following: The use of alimemazine (max dose
30 mg daily), chlorpromazine (max dose 25 mg × 2 daily) and chlorprothixene (max dose 20 mg × 2) is allowed. The use of mianserine (max dose
10 mg daily) is allowed.Medication related to the ECT procedure is allowed.
For Medication in control group refer to Medication in control group - Treatment As Usual
Inability to comply with study protocol
Unstable serious medical conditions, including clinically relevant laboratory abnormalities
Conditions that affect neuropsychological assessment such as Parkinson’s Disease, Multiple sclerosis, stroke, alcohol and substance abuse or
dependence (according to SCID or DSM-IV-TR)
Fertile women without adequate contraception (Adequate contraception includes: abstinence, oral contraceptives, intrauterine devices, barrier
method)
Young Mania Rating Scale (YMRS) [43] of 20 or more
Patient at high suicidal risk according to clinicians’ judgement
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information about the study prior to undergoing any
study procedures. Patients will be randomized strictly
sequentially, as patients are eligible for randomization. If
a patient discontinues from the study, the patient num-
ber will not be reused, and the patient will not be
allowed to re-enter the study.
We perform a stratified randomization separately for
each centre using the default random number generator
of SPSS 15 with a random seed. The randomization lists
are kept concealed from the investigators.
After randomization patients will enter a wash out
phase if necessary. The recommended time for patients
to be without concomitant medication in contradiction
to the study protocol is 5 t 1/2 for patients randomized
to ECT and a varying time for patients randomized to
treatment as usual.
ECT
Equipment ECT will be administered with a Thymatron
System IV Somatics Inc. or MECTA 5000 or 4000 mod-
els, providing brief-pulse, square wave, constant current.
Anaesthesia Preferably the short acting anaesthetic
thiopental will be used to obtain anaesthesia. Anaes-
thetic dose should be kept to a minimum (1.5-2.5 mg/
kg iv). A dose large enough to inhibit ciliary reflex is
usually larger than needed for ECT. Excessive anaes-
thetic dosage may raise seizure threshold and shorten
seizure duration. The appropriateness of dosage will be
determined at each treatment and adjustments made at
subsequent treatments. Other anaesthetics may be used
if indicated. Succinylcholine in a dose of 0.5 - 1.0 mg/kg
iv will be used as a muscle relaxant. All patients will be
hyperoxygenated during treatment. Patients breathe oxy-
gen enriched air 1 to 2 minutes before and during the
initiation of anaesthesia. Pulse oximetry will be used.
Hyperventilation should be maintained even with high
oxygen saturation. Use of other medication necessary
during anaesthesia (e.g. for premedication or termina-
tion of prolonged seizure) is at the decision by the
anaesthesiologist.
Stimulation electrodes placement Stimulation electro-
des will be placed ad modem d’Elia [32] (Right unilateral
electrode placement, RUL). It is well documented that
high dosage ECT with unilateral placement of stimula-
tion electrodes is as effective as bilateral placement
[19,20]. If the stimulation electrodes are placed on the
non-dominant side, unilateral stimulation is associated
with less cognitive impairment than bilateral stimulation
[19,21]. In this study electrodes will be placed over the
right hemisphere.
Stimulus Using ultra-brief stimulation pulses (0.5 ms or
less) is more effective and associated with less cognitive
impairment than longer pulses and sinus current. The
duration of the stimulus pulse in our study will be 0.5
ms. In the present study the initial stimulus energy will
be determined by an aged based method, where the
energy (E) is calculated as following [33]: Patient’s age
in years × 5 ≅ stimulus charge in mC. The Thymatron
delivers a charge of 25.2 to 504 mC in 20 equal steps,
set by the % Energy dial. According to the above for-
mula this makes: Patient’s age in years ≅% Energy. In
order to consider gender specific differences in seizure
threshold the % Energy will be adapted as following: For
male patients: % Energy + 5 to 10%. For female patients:
% Energy - 5 to10%. If there is not obtained a sufficient
seizure in one session determined by clinicians decision
(based on seizure duration, δ-waves and clinical effect)
the patient may be restimulated in the same session or/
and stimulus parameter will be adjusted in next session.
The treatment should be followed by a comatose state,
from which consciousness is gradually regained [34].
Medication after seizure In case of postictal delirium
either midazolam (0.5 - 2.5 mg iv) or thiopental (half of
anaesthetic dose) may be administered. Postictal head-
ache may be treated with paracetamol 1000 mg or ibu-
profen 400 mg (can be repeated). Metoclopramide 10
mg tablets or iv in case of nausea.
Duration of treatment Three sessions per week for up
to six weeks, a total of up to 18 sessions. The ECT ser-
ies may be tapered off when response is achieved by
gradually increasing the intervals between treatments.
Quality Control The ECT instruments will be regularly
tested for effects and calibrated.
Registration Each ECT session will be registered with
the parameters listed in table 3.
Maintenance-treatment after ECT-course At the end
of course of ECT each patient will be given maintenance
medication after clinicians’ decision following treatment
guidelines described elsewhere [31].
Medication in control group - Treatment as Usual
All participating hospitals use the treatment algorithm
according to Goodwin and Jamison [35] adapted to Nor-
wegian conditions as their routine treatment for bipolar
depression. See Additional file 1. In addition the use of
alimemazine (max dose 30 mg daily), chlorpromazine
(max dose 25 mg × 2 daily), chlorprothixene (max dose
20 mg × 2), mianserine (max dose 10 mg daily) is
allowed. In the control group the use of alopam 15 mg
up to 3 times/day, zolpidem 10mg or zoplicone 7,5 mg
is allowed as part of treatment as usual.
Wash out Phase The recommended time for patients to
be without concomitant medication in contradiction to
the study protocol is 5 t 1/2 for patients randomized to
ECT and a varying time for patients randomized to
treatment as usual.
Randomized treatment Phase - treatment regimens
For treatment regimes see Additional file 1.
The treatment algorithm according to Goodwin and
Jamison [35] is to be followed step by step. It is however
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possible for the clinician to depart from the stepwise use
of the algorithm if they out of their knowledge to the
patient consider one of the medicaments unacceptable
or of no use to the patient. Patients that experience
intolerable side effects on one medication listed in the
algorithm may be switched to the next treatment option
according to the algorithm.
Continuation phase After the 6 weeks randomized
treatment phase, the patients continue with medication
recommended by their clinician guided by a relevant
treatment algorithm as for example [31].
Treatment compliance Compliance will be assessed
based on patient’s record of compliance (at each visit 3-
10) as well as by serum level monitoring at week 3.
Concomitant Therapy All medications (prescriptions or
over the counter medications) continued at the start of
the trial, or started during the trial and different from
the trial medication must be documented. Patients, who
receive ECT during the follow- up period, will be
excluded from further analyses of neuropsychological
functioning.
Sample size calculation
A-priori power calculations
The primary response variable, change in MADRS-score
between baseline and endpoint, will be done with the
two-sample t-test at the significance level a = 0.05. The
least clinical important difference between the treatment
group (ECT) and the reference group (drug) to be
detected was judged to be 4 in favour of ECT, and a SD
= 7 for the change in MADRS is assumed. The possibi-
lity of an opposite effect could not be ignored and a
two-sided test will be done. Thus the competing
hypotheses are:
H0: Mean change in MADRS is the same in both
groups vs.
HA: Mean change in MADRS is different in the two
groups.
To detect a difference of 4 in mean change in MADRS
between the two groups with a power of Π = 0.90 a
total of n = 132 patients will have to be included in the
analysis. Standard deviations of S= 6-7 are typical for
MADRS in studies of patients with BD. The standard
deviation for change in score is S√[2(1-R)] where R is
the correlation between the two timepoints. Thus, with
a correlation of at least 0.5 the standard deviation for
the change will be at most S and the power at least 0.90.
Concerning changes in inflammation measures, effects
sizes of more than 20-50% are expected, but standard
deviations in this population will vary for different cyto-
kines, and a formal power analysis has not been
performed.
Statistical analysis
Response and remission rates will be compared using
Chi Square tests. Secondary outcomes and cognitive
function will be analysed with multiple regression ana-
lyses and other suitable statistical methods. ANOVAs
and t-test will be made on a LOCF basis. Categorical
variables will be analysed using chi square tests. Ordinal
variables will be analysed using non-parametric tests in
addition to using T tests and ANOVA. Time to remis-
sion and/or response will be analysed using survival ana-
lysis. The statistical analysis will be done by the
scientific research team with assistance from experts in
statistics. All patients who receive at least one medica-
tion with study medicine or ECT will be included in the
analysis of the safety, demographic and baseline charac-
teristic data. An analysis of treatment-emergent adverse
events will be performed. All subjects who receive at
least one medication with study medicine and provide
post - baseline efficacy measurements will be included
in efficacy data analyses (intention to treat). We will use
Table 3 Parameters recorded after each ECT-session
Anaesthetic drugs used
Energy (%)
Charge delivered
Motor activity
Seizure duration
Postictal suppression index
Sustained coherence
Sustained power
Seizure energy index
Quality of δ-waves, seizure ending and postictal supression
Basal and peak heart rate
Time to reorientation (personal data, time, place)
Mood state immediate after recovery of orientation and the following hours, expressed like “good, neutral, don’t know, better, changed” or “bad,
depressed, no better, no change, feeling of not having had a treatment
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last observations carried forward for subjects who leave
the study prematurely. Analyses only including patients
fulfilling the treatment will also be done. Baseline for all
analyses is visit 2 (start of drug or ECT treatment).
Assessments
An overview of variables is shown in table 4.
Initial Subject and Disease Characteristics
Diagnosis is made on the basis of clinical interview and
verified by the MINI-International Neuropsychiatric
Interview (MINI) [36] plus or The Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID-I) [37].
All the patients are described by a modified version of
Stanley Foundation Bipolar Network Entry Question-
naire (NEQ) at baseline [38,39].The first part of the
questionnaire elicits data regarding vocational, educa-
tional, and economic status, onset and course of illness,
family history, and past treatment. The second part
assesses cycling and seasonal patterns, medical pro-
blems, medications (past and present), ability to function
and symptomatic status, precipitants of illness (e.g.
Table 4 Variable overview
Study visit 1 2 3 4 5 6 7 8 9 10 Comment
Week -5t1/2 0 1 2 3 4 5 6 26 30-52
1) 1) in euthymic phase
Test
Informed consent X
Diagnostic interview SCID or MINI plus X
Inclusion/exclusion criteria X
NORBRAIN Entry Questionnaire
NEQ
Socio demography
Medical history etc
X
PANSS X
GAF X X X X
Clinical examination X
Current and concomitant
medication
X X X X X X X X X X
Health related Quality of Life SF 36 X X X X
Efficacy MADRS X X2) X X X X X X2) X X 2) audio taped
IDS X X2) X X X X X X2) X X 2) audio taped
CGI-BP X X X X X X X X X X
PGI-I X X X X X X X X
YMRS X X X X X X X X X X
MSIF X X X
Relapse Interview X X
Overall cognitive function MMS 3) X X X X X X X 3) in ECT-group only
Neuropsychological assessment X X X X
EMQ X X X X
Adverse events Interview UKU X4) X X 4) previous med.
SAE-form X X X X X X
Lab Cytokines X X X X
Cortisol 5) X 5) morning cortisol in blood
Other, incl cortisol6) X 6) as specified in Blood
samples
ECG 7) X 7) if indicated
EEG X
MRI caput X
Substance abuse Urin X
Pregnancy Urin 8) X 8) fertile woman
Compliance Interview X X X X X X X X
Compliance Blood sample X
Temperament TEMPS-A X
Migrene Interview X X
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substance use), treatment adherence, and insight into
the illness [38]. History of ECT is also assessed. At base-
line symptom intensity will be measured by MADRS
[40], Inventory of Depressive Symptoms (IDS) [41],
Clinical Global Impression bipolar (CGI-BP) [42], and
YMRS [43]. Global Functioning will be assessed with
Global assessment of functioning (GAF) [44]. Health-
related quality of life will be assessed with SF-36 [45].
There will be performed a medical examination, MRI
Caput, ECG (if indicated), EEG, and laboratory tests.
Substance abuse will be assessed by interview and urine
test. Fertile woman are tested for pregnancy.
Efficacy
Primary response variable
Patients will be interviewed at start (visit 2), weekly on
week 1-5 (visit 3-7), on week 6/endpoint (visit 8), on a
follow-up-visit after 26 weeks (visit 9) and in case of
depressive, manic or mixed symptoms at weeks 26 on a
control-visit between 26-52 weeks (visit 10). Visit 10
should be performed in euthymic state if possible.
Patients will be interviewed using MADRS. The primary
response variable is change in total MADRS-score at
endpoint versus baseline.
Secondary response variables
IDS [41], CGI-BP [42]), GAF [44], Patient Global
Impression of Improvement (PGI-I),
YMRS [43], SF-36 [45], Multidimensional Scale of
Independent Functioning- MSIF [46], proportion in
each group attaining remission, time to remission, pro-
portion in each group attaining response, time to
response, relapse (new episode).
Definitions Response: at least a 50% reduction of the
baseline MADRS score.
Remission: MADRS score of 12 or less at the end of trial.
New episode: A patient who has previously responded
to treatment meets the DSM-IV criteria for Major
Depressive Episode or Manic episode.
Assessment of trait-like characteristics
The Temperament Evaluation of Memphis, Pisa, Paris
and San Diego-auto questionnaire (TEMPS-A) [47] will
be assessed at follow up and migraine diagnostic [48]
pre-treatment and at follow up (week 26).
Safety assessment
Safety data will include:
Clinical examination; electrocardiogram (if indicated);
blood tests as described below (supplemented by others if
clinically indicated) at start; urine test for substance abuse:
amphetamine, cannabis, opiates, benzodiazepines, cocaine,
methadone, pcp, zopiclone, buprenorphine, carisoprolol.
MMS weekly first six weeks in ECT-group to assess
global cognitive functioning.
Blood samples
A routine battery of blood measures will be analyzed at
the local hospital biochemistry units:
Leucocytes, haemoglobin, ESR, Na +, K+, creatinine,
glucose and triglyceride (blood samples were drawn after
an overnight fast of at least 8 hours), cholesterol, methyl-
maleonic acid, albumin, Aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), Alkaline phos-
phatase (ALP), serum calcium, phosphate, vitamin B12,
serum iron, serum ferritin, c-reactive protein, thyroid-sti-
mulating hormone, free serum thyroxine, CDT, cortisol,
homocysteine, folic acid, anti TPO, cyp 2D6 and cyp 2C9.
Serum samples for inflammation markers are shipped
to long-term storage in - 80°C freezer. After all baseline
samples are collected, the first series of analyses will be
performed with appropriate methods, such as enzyme
immunoassays (EIAs). Then the rest will be analyzed
after the different time points have been reached.
The patients are included in the BRAIN study and
tests for genetic analyses are done according to the
BRAIN protocol earlier approved by the Regional Ethics
Committee for Middle Norway.
Compliance
Compliance will be assessed based on patients’ record of
compliance as well as serum control at week 3.
Neuropsychological assessment
The following tests will be used: Brief Assessment of
Cognition in Schizophrenia (BACS), Continuous Perfor-
mance Test-Identical Pairs (CPT-IP), Wechsler Memory
Scale®-3rd Ed. (WMS®-III): Spatial Span, Letter-Number
Span, Hopkins Verbal Learning Test-Revised™
(HVLT-R™), Brief Visuospatial Memory Test-Revised
(BVMT-R™), Neuropsychological Assessment Battery®
(NAB®): Mazes, National Adult Reading Test (NART),
The Wechsler Abbreviated Scales of Intelligence
(WASI), Autobiographical Memory Interview-Short
Form (AMI-SF), The Mini-Mental State (MMS).
Description of measures
The MINI [36] covers 18 Axis I disorders and has
shown good inter-rater reliability. The MINI has sys-
tematic questions covering the various diagnostic cri-
teria of the Axis I disorders. Since many Axis I
disorders demand certain obligatory criteria, the MINI
has skipping rules if such criteria are not met. Dimen-
sional criteria scores for various disorders, therefore,
cannot be established with the MINI. The rating of each
criterion on the MINI is absent or present, and the
number of positive criteria is summarized as disorder
present or absent. The MINI is a relatively brief struc-
tured interview, acceptable for the time-frame of the
baseline examination.
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The SCID-I [37] is a semi structured interview for
making the major DSM-IV Axis I diagnoses. The SCID
is broken down into separate modules corresponding to
categories of diagnoses. Most sections begin with an
entry question that would allow the interviewer to
“skip” the associated questions if not met. For all diag-
noses symptoms are coded as present, subthreshold, or
absent.
Affective symptom ratings: The MADRS [40] is a short
and reliable scale devised to be sensitive to change. It is
in daily use by both psychiatrists and general practi-
tioners in Norway. The psychometrics (reliability and
validity) of MADRS has been shown to be satisfactory.
Patients are rated on ten items, each of which has value
ranges from 0 (the least pathology) to 6 (the most sever
pathology). Sum scores range from 0 to 60, with a scor-
ing of 20 indicating moderate and 30 severe depression
[49]. The scale is sensitive to change and covers many,
but not all, symptom domains in depression. The
MADRS is among the most frequently used depression
rating scales in clinical depression trials.
The IDS [41] is a well validated 30-item scale trans-
lated into many languages. IDS is devised to cover all
symptom domains needed for DSM-IV diagnosis. It also
comprises symptoms of melancholia and atypical
depression and has scaling items allowing for detection
of milder levels of symptoms. It has a more balanced
weighting of items than the Hamilton Depression Rating
Scale and comprises many more symptom domains than
the MADRS. IDS is as sensitive as the Hamilton scale
and CGI in detecting between group differences.
The CGI-BP [42] is a modification of the CGI specifi-
cally for use in assessing global illness severity and
change in patients with BD. The revised scale and man-
ual provide a focused set of instructions to facilitate the
reliability of these ratings of mania, depression, and
overall bipolar illness during treatment of an acute epi-
sode or in longer-term illness prophylaxis. The modified
CGI-BP is anticipated to be more useful than the origi-
nal CGI in studies of BD. The clinician forms a global
judgement both of the severity of the illness as com-
pared to other cases with the same diagnosis and the
global degree of change during treatment. Both sub-
scales have value ranges from 1 (best) to 7 (worst).
The PGI-I requires the patient to rate how much the
illness has improved or worsened relative to a baseline
state. The illness is compared to change over time and
rated as: very much improved, much improved, mini-
mally improved, no change, minimally worse, much
worse, or very much worse.
The SF-36 [45] is a multi-purpose, short-form health
survey with 36 questions. It yields an eight-scale profile
of functional health and well-being scores as well as psy-
chometrically-based physical and mental health
summary measures, and a preference-based health utility
index. It is a generic measure, as opposed to one that
targets a specific age, disease, or treatment group.
Accordingly, the SF-36 has proven useful in surveys of
general and specific populations, comparing the relative
burden of diseases, and in differentiating the health ben-
efits produced by a wide range of different treatments.
The YMRS [43] is an 11-item scale used to assess the
severity of mania. It takes 15-30 minutes to complete.
The YMRS has been used in clinical practice since 1978.
Ratings are based on self-reporting and clinician
observation.
The MSIF [46] is a new instrument for rating func-
tional disability in psychiatric outpatients. The MSIF
provides discrete ratings of role responsibility, presence
and level of support, and performance quality. The
MSIF consists of a semistructured interview and detailed
rating anchors. The MSIF is an instrument designed to
circumvent several limitations with existing functional
outcome instruments for longitudinal studies.
The TEMPS-A [47] is a self-report questionnaire
designed to measure temperamental variations in psy-
chiatric patients and healthy volunteers. Its constituent
subscales and items were formulated on the basis of the
diagnostic criteria for affective temperaments (cyclothy-
mic, dysthymic, irritable, hyperthymic, and anxious), ori-
ginally developed by Akiskal [47].
Everyday memory questionnaire (EMQ) [50] is a valid
and reliable self-report measure of common memory
lapses in everyday activities comprising of 27 state-
ments. Examples included “telling someone a story or
joke that you have told them once already” and “forget-
ting where things are normally kept or looking in the
wrong place for them”. Responses were on a nine-point
scale ranging from ‘Not at all in the last six months’ to
‘More than once a day’, with high scores indicating
more forgetting.
Adverse events
Definitions
Adverse event (AE)
Any untoward medical occurrence in a patient that may
present itself during treatment or administration with a
pharmaceutical product, and which may or may not
have a causal relationship with the treatment. An AE
can therefore be any unfavourable and unintended sign
(including an abnormal finding), symptom or disease
temporally associated with the use of a medicinal (inves-
tigational) product, whether or not related to the medic-
inal (investigational) product.
Serious Adverse Event (SAE)
Any untoward medical occurrence that at any dose:
- results in death,
- is life-threatening,
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- requires inpatient hospitalization or prolongation of
existing hospitalization,
- results in persistent or significant disability/incapa-
city or
- is a congenital anomaly/birth defect
Unexpected Adverse Event
Any adverse experience associated with the use of the
drug/device, the specificity or severity of which is not
consistent with the current Summary of Product Char-
acteristics (SPC); or the specificity or severity of which
is not consistent with the risk information provided to
subjects (in the Informed Consent Document).
Attribution to an investigational agent/procedure
Unrelated: The AE is clearly not related to investiga-
tional agents.
Unlikely: The AE is doubtfully related to investiga-
tional agents.
Possible: The AE may be related to the investigational
agents.
Probable: The AE is likely related to the investiga-
tional agents.
Definite: The AE is clearly related to the investiga-
tional agents.
Reporting of adverse events
AEs will be reported starting with the first trial related
procedure. They will be reported until intake of the last
dose of trial medication or last trial-related procedure.
When known, the cause of death of a subject in a clinical
trial must be reported as a SAE regardless of whether the
event is expected or associated with the study medicines
or procedures. All SAE occurring during the clinical trial
must be reported to the Clinical Study Team Leader
(UK) or principal investigator (GM) by investigational
staff within 24 h. Information regarding SAEs must be
reported using the SAE form. The report of a SAE may
be made by fax or telephone. A telephone report must be
followed by a completed SAE Form.
CATEGORY 1: No change required. This category
would be for SAEs which in the estimation of the inves-
tigators and the RSA that any relationship to the study
intervention is questionable and the chances for harm
to the future research subjects is unlikely.
CATEGORY 2: Increased monitoring necessary. This
category would be for SAEs in which the RSA Commit-
tee would require increased frequency or intensity of
monitoring.
CATEGORY 3: Intervention or treatment modifica-
tions necessary. This category would be for SAEs that
would lead to a recommendation to modify the treat-
ment, for example, lowering the dose of the study drug,
or extending the treatment interval.
CATEGORY 4: Temporary or permanent suspension
of the study. This category would be for SAEs which are
judged to be serious enough that no further subjects
should be enrolled or treated until a decision about
whether the protocol can continue under some modified
circumstances. In order to permanently suspend a pro-
tocol, a full review of the events by the RSA Committee
and the GCRC Advisory Committee will be undertaken.
Assessment of side effects
The Udvalg for Kliniske Undersøgelser (UKU) Side
Effect Rating Scale [51] is used for registration of side
effects. UKU is a clinician-rated scale with well-defined
and operationalized items to assess the side effects of
psychopharmacological medications. The rating is per-
formed by a trained mental health professional on the
basis of an interview with the patient and other relevant
information from all available sources. In case of discre-
pancies among the reports, the clinician’s observations
are given more weight than patient reports. UKU is
designed for use in both clinical trials and routine clini-
cal practice. Rating is independent of whether the symp-
tom is regarded as being drug-induced or not.
Probability of the causal relationship (or lack of it) of
each item to the medication in question is indicated in a
separate column, which makes it useful for determining
subsequent course of action. Subscales can be useful in
assessing differential side effect profiles.
Emergency procedures
We have procedures for medical emergency:
The study emergency contact procedure
In the case of a medical emergency, contact the Clinical
Study Team Leader. If the clinical Study Team Leader is
not available, contact the principal study investigator, at
the Haukeland University hospital or St. Olav’s Hospital,
Trondheim (Table 5).
Procedures in case of overdose
For the purpose of this study, all overdoses, with or
without associated symptoms, should be reported as
AEs. However, all cases of overdose must be reported
immediately, within 1 day, if sequela meeting the criteria
for a SAE have occurred in association with the over-
dose. In all instances, the overdose substance must be
stated and an assessment whether the overdose was
accidental or intentional should be recorded. If the over-
dose was a suicide attempt, this fact should be clearly
stated. AE (serious and non-serious) that occur as a
result of an overdose should be recorded on the Case
report form (CRF) as “sequelae to overdose” (for exam-
ple, nausea as sequelae to overdose”).
Procedures in case of suicide attempt and suicide
Suicide and suicide attempt, irrespective of the method,
but in connection with the use of study medicine,
should be reported as an AE or a SAE in accordance
with the definition provided in section 10. This event
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should be identified as suicide or suicide attempt, and
the method of the suicide or the suicide attempt should
be provided.
Procedures in case of pregnancy
Pregnancy itself is not regarded as an AE unless there is
a suspicion that the study medicine may have interfered
with the effectiveness of a contraceptive medication.
However, the outcome of all pregnancies (spontaneous
miscarriage, elective termination, normal birth or conge-
nital abnormality) must be followed up and documented
even if the patient was discontinued from the study.
All reports of congenital abnormalities/birth defects
are SAEs. Spontaneous miscarriages should also be
reported and handles as SAEs. Elective abortions with-
out complications should not be handled as AEs. All
outcomes of pregnancy must be reported to the princi-
pal investigator.
Female patients of childbearing potential must be
using a reliable method of contraception. Reliable meth-
ods of contraception include hormonal contraceptives
(e.g. oral contraceptives or long term injectable or
implantable hormonal contraceptive), double-barrier
methods (e.g. condom and diaphragm, condom and
foam, condom and sponge), intrauterine devices and
tubal ligation. Female patients must have a negative
urine human chorionic gonadotropin (HCG) test at
enrolment.
Protocol Deviations
All important deviations related to study inclusion or
exclusion criteria, conduct of the
trial, patient managements or patient assessment will
be described.
Protocol deviations will be categorized as:
Those who entered the study even though they did
not satisfy the entry criteria.
Those who developed withdrawal criteria during the
study but were not withdrawn.
Those who received the wrong treatment or incorrect
dose.
Those who received excluded concomitant treatment.
Ethical considerations
Ethics, Data Security and Biobank
The study will be organized as a subproject in the
BRAIN study, which is approved by the Regional Com-
mittee for Medical Research Ethics and the Norwegian
Data Inspectorate. The bio bank is organized together
with the Norwegian TOP (Thematic Organized Psy-
chosis Research) study and has been approved by the
Health Inspectorate. The bio bank is located at the
National Institute of Health and the Database and
protocol for the Person Data Security is approved by
the Norwegian Data Inspectorate. There is a separate
consent for this intervention study, which is also
approved by the Regional Committee for Medical
Research Ethics.
The patients included are severely ill, and in need of
treatment considered to be effective in treatment resis-
tant depression. ECT and the combination of antide-
pressant (including irreversible MAOI), atypical
antipsychotics and a mood stabilizer are considered to
be the treatment of choice in these patients. This means
that both patient groups will receive adequate antide-
pressant treatment for their disorder, but will have a
superior clinical management to patients not participat-
ing in a study. As stated in the exclusion criteria, some
patients (e.g. acutely suicidal patients, post partum
depression) should be offered ECT directly.
Ethical Conduct of the Study
The study is conducted in accordance with the ethical
principles that have their origins in the Declaration of
Helsinki.
Patient Information and Consent
Informed consent will be obtained after the investigator
has verbally explained the purpose and procedures
involved in the study, answered questions, and otherwise
provided information that permits the patient to make a
prospective, informed decision. Informed consent will be
signed and dated before any study data collection proce-
dures begin.
A synopsis of the study protocol is given as additional
file 2.
Discussion
This study protocol presents a randomized controlled
trial for a population of in-patients with serious, therapy
resistant bipolar depressions. We believe that this study
is important and needed, and that the main results may
influence daily clinical practise. Both bipolar depression
and the treatments for bipolar depression are associated
with cognitive impairments. This study may give impor-
tant information of short-and long-time contributions
and effects of these different factors.
Table 5 Contact information in case of a medical emergency
Role in the study Name Address and Telephone number
Clinical Study Team Leader Ute Kessler Haukeland University Hospital, 5021 Bergen, 004755974580
Principle investigator Gunnar Morken St. Olav’s Hospital, Trondheim, 004773864600
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Methodological strengths
The present study is strengthened by the prospective
design. All participating study centres include patients
from their defined catchment areas. All Norwegian
acute psychiatric services are public and available to
everyone. All the patients in the catchment areas are
admitted to the local study centre. Acute admissions to
other psychiatric hospitals occur only when inhabitants
temporarily reside outside of the catchment area at the
time of admittance.
We use robust and validated diagnostic and psycho-
metric instruments. Both in the study and control
groups the procedures and registrations for each patient
are comprehensive. The collection of background data
with the NEQ makes it possible to compare the present
bipolar population with bipolar populations in other
clinical trials.
Methodological weaknesses
The use and policy regarding ECT differs between coun-
tries and hospitals. Thus there are no published guide-
lines defining objective clinical criteria for indications of
treatment with ECT in bipolar depressions. In the pre-
sent protocol “indication for ECT” is one of the inclu-
sion criteria. This means that treatment with ECT
would have been probable according to hospital practice
regardless of the present study.
The assessments are performed by specially trained
research staff which is not blinded for grouping of the
patients. Most of the patients are acutely admitted to
psychiatric acute wards due to the extensive symptom
pressure.
The multicentre site design has potential problems
regarding assessments and inter-rater reliability. How-
ever, multicentre design is a necessity in order to
include sufficient number of patients in a reasonable
time span. All raters and participants in the study have
taken part in mutual training-sessions in the different
assessments and rating scales. All participants have
taken part in interrater-scorings. The scorings for the
different study centres and the different participants are
satisfactory.
Additional file 1: Treatment algorithm for control group. Treatment
algorithm for control group
Click here for file
[ http://www.biomedcentral.com/content/supplementary/1471-244X-10-
16-S1.DOC ]
Additional file 2: Protocol synopsis. Gives an overview of the study
protocol
Click here for file
[ http://www.biomedcentral.com/content/supplementary/1471-244X-10-
16-S2.DOC ]
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